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Ammanignts to the Claims 
Please ameaid the claims as follows: 

1 . (currently amended) A method of fonning a contact, comprising the steps of: 
depositing a source gas onto a substrate to fiU a contact hole, the source gas comprising a 

component capable of diffusing into and corroding an adjacent metal layer; 

removing excess material from the substrate to form the contact in the contact hole, wherein 
the contact has a thickness of about 500 angstro ms or greater: and 

heating the contact in a reactive gas at a tempemture of about 700**C. or greater to remov e at 
Innrrt a portion of reduce t he component frem-^j^n^the contact witfiout forming substantial cracks 
within the contact. 

2. (previously presented) The metiiod of Claun 1, wherein the step of heating the contact 
comprises a rapid thermal anneal process. 

3. (previously presented) The method of Claim 1, wherein the step of removing the excess 
material comprises chemical mechanical polishing. 

4. (previously presented) The method of Claim 1, wherein the component comprises chlorine. 

5. (pit?viously presented) The method of Claim 1, wherein the source gas comprises a 
chlorine-containing precursor, and the component comprises chlorine. 

6. (original) The method of Claim 5 , wherein the chlorine-containing precursor 
comprises TiCU- 

7. (original) The method of Claim 5, wherein the reactive gas comprises a 
nitrogen-containing gas. 
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8. (original) The method of Claim 7, wherein the reactive gas comprises ammonia. 

9. (original) The method of Claim 5, wherein the contact comprises titanium nitride, the 
chlorine-containing precursor comprises titanium, and the source gas further comprises ammonia. 

10. (original) The method of Claim 9, wherein the contact comprises boron-doped titanium 
nitride, and the source gas further comprises borane. 

1 1 . (currently amended) A method of forming a contact, comprismg the steps of: 
depositing a source gas comprising a chlorine-containing precursor onto a substrate to fill a 

contact hole; 

removing excess material ftom the substrate to form the contact in the contact hole, wherein 
tl^ ^ contact has a thickness of about 500_angstroms or greater : and 

heating the contact in a nitrogen-containing gas at a temperature of about 700**C. or greater 
to femeve decrease c hlorine #om within the contac t bv at least abou t sn% hv wt wifhnnt fnnnii^p 
substantival rracVs w rthm the cnntact. 

12. (previously presented) The method of Claim 1 1 , wherein the step of heating the contact 
comprises a rapid thermal anneal process. 

13. (previously presented) The method of Claim 1 1, wherein the step of removing the excess 
material comprises chemical mechanical polishing. 

14. (previously presented) The method of Claim 11, wherein the chlorine-containing precursor 
comprises titanium, the source gas further comprises ammonia, and the contact comprises titanium 
nitride. 

1 5. (ori^nal) The method of Claim 1 4, wherein the source gas further comprises borane, and 
the contact comprises boron-doped titanium nitride. 
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1 6. (cunently amended) A method of fonning a contact, comprising the steps of: 
depositing a source gas comprising a titanium and chlorine-containing precursor onto a 

substrate to fill a contact hole; 

removing excess material from the substrate to form the contact in the contact hole, wherein 
the contact has a thickness nf abmit 500 anprstroms or greater: and 

heating the contact in a nitrogen-containing gps at a temperature of about 700^C. or greater 
to remove decrease c hlorine &em within the rr>ntar-t w^th^nt fnrming gubstantial rracTcs within the 
contact - 

1 7. (previously presented) The method of Claim 16, wherein the step of heating the contact 
comprises a rapid thermal anneal process. 

1 8. (original) The method of Claim 16, wherein the source gas further comprises an ammonia 
precursor to form titanium nitride. 

1 9. (Anginal) The method of Claim 1 6> wherein the titanium and chlorine-containing precursor 
comprises TiCU* 

20. (original) The method of Claim 1 8, wherein the source gas further comprises a borane 
precursor to form boron-doped titanium nitride. 

2 1 . (original) The method of Claim 1 6, wherein the nitrogen-containing gas comprises 
ammonia. 

22. (currentiy amended) A method of forming a contact, comprising the steps of: 
depositing a source gas onto a substrate to fill a contact hole; the source gas 

comprising TiCU; 
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removing excess material from the substrate to fonn the contact in the contact hole, wherein 
the contact h ^<^ a thickness of ahoiit 500 angstrom s or f^ater: and 

thermally annealing the contact in a nitrogen-containing gas at a temperature of about 700°C, 
or greater to femeve decreas e chlorine #em within the contact without forming subs tantial cracks 
within the contact: the nitrogen-containing gas comprising ammonia. 

23. (previously presented) The method of Claim 22> ^^iierein the step of thermally annealing the 
contact comprises a rapid thermal anneal at about 700°C. to about 800*C. 

24. (original) The method of Claim 22, wherein the source gas further comprises an ammonia 
precursor to form titanium nitride. 

25. (original) The method of Claim 24, wherein the source gas further comprises a borane 
precursor to form boron-doped titanium nitride. 

26. (currently amended) A method of forming a contact, comprising the steps of: 
forming a titanium silicide layer over a substrate and Avithin a contact hol^ 

depositing a titanium nitride layer onto the titaniiim silicide layer di^ to fill the contact hole 
by combining a titanium and chlorine-containing precursor with a nitrogen-containing precursor to 
form a titanium nitride fiU; 

removing excess material from the substrate to form the contact in the contact hole^^g 
contact having a thickness of at least about 500 angstroms and comnrisiTig an amount of chlorine: 
and 

thermally annealing the contact in a nitrogen-containiog gas at a temperature of about 
700'C. or greater to remov e decrease the amount of chlorine &effl without forming substantial 
cracks within the contact 

27. (previously presented) The method of Claim 26, wherein the step of themially annealing the 
contact comprises a rapid thermal anneal at a temperature of 700'C, to about 800°C- 
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28. (original) The method of Claim 26, wherein the step of depositing the titanium nitride layer 
comprises combining TiCU and NH3 in a thermal chemical vapor deposition. 

29. (original) The method of Claim 26, wherein the step of depositing the titanium nitride layer 
further comprises combining the precursors with a B2H6 precursor to form boron-doped titanium 
nitride. 

30. (currently amended) A method of forming a contact, comprising the steps of: 
forming a titanium silicide layer over a substrate and within a contact hole; 

depositing a boron-doped titanium nitride layer onto the titanium silicide layer and to fill the 
contact hole by combining a titanium and chlorine-containing precursor with a nitrogen-containing 
precursor and a borane precursor to form a^boron-doped titanium nitride fill comnrifiinp an amoimt 
pfchbrins ; 

removing excess material from the substrate to form the contact in the contact hole^^^ 
contact havinf^ thickness of at le ast abniit 500 angstroms: and 

thermally annealing the contact in a nitrogen-containing gas at a temperature of about 
700X. or greater to remove decrease the amount of c hlorine &em without foT-minp; substantial 
cracks within the contact 

3 1 . (previously presented) The method of Claim 30, wherein the step of thermaUy annealing the 
contact comprises a rapid thermal anneal at a temperature of 700^C. to about SOO^C. 

32. (original) The method of Claim 30, wherein the step of depositing the boron-doped titanium 
nitride layer comprises combining TiCU, NH3, and B2H6 in a thermal chemical vapor deposition. 
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33. (currently amended) A method of forming a conductive contact on a semiconductor 
substrate comprising an opening through an insulative layer, the opening having sidewalls and 
extending to an underlying silicon-comprising substrate, the method comprising the steps of: 

foiming a titanium silicide layer over the insulative layer and within the opening; 

depositing a source gas over the titanium silicide layer overlying the insulative layer atui 
within the opening to form a layer comprising titanium nitride; the source gas comprising a 
chlorine-containing precursor; 

removing excess of the titanium nitride layer to form the contact within the opening; the 
contact having a concentration of chlorine and a thickness of at Ift ast ahout 500 angstroms: and 

subjecting the contact to a heat treatment in a nitrogen-containing gas at a temperature of 
about TOCC. or greater to reduce the concentration of chlorine withont forgiintLSubs tantial cracks 
within the contact. 

34. (previously presented) The method of Claim 33, wherein the step of subjecting the contact 
to the heat treatment comprises a rapid thermal anneal. 

35. (previously presented) The method of Claim 33, wherein the contact is subjected to a the 
heat treatment at a temperature of at least about 700°C. to about 800''C. 

36. (previously presented) The method of Claim 33, wherein the step of fonning the titanium 
silicide layer comprises a plasma enhanced chemical vapor deposition of a titanium precursor with a 
silicon precursor to form titanium silicide. 

37. (previously presented) The method of Claim 33, wherein the step of depositing the source 
gas to form the titanium nitride layer comprises a thermal chemical vapor deposition. 

38. (origiixal) The method of Claim 33, wherein the source gas comprises a titanium and 
chlorine-containing precursor and a nitrogen-containing precursor to form titanium nitride. 
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39, (original) The method of Claim 3 8, wherein the source gas further comprises a borane 
preciirsor to form a boron-doped titanium nitride contact 

40, (canceled) 

41 , (original) The method of Claim 33, wherein the step of subjecting the contact to a heat 
treatment reduces the chlorine concentration of the contact by at least about 75% by wt. 

42* (original) The method of Claim 33, wherein the step of subjecting the contact to a heat 
treatment reduces the chlorine concentration of the contact by at least about 95% by wt. 

43. (original) The method of Claim 33, wherein the chlorine concentration of the heat treated 
conductive contact is less than about 1% by wt 

44. (original) The method of Claim 33, wherein the chlorine concentration of the heat treated 
conductive contact is less than about 3% by wt. 

45. (original) The method of Claim 33, wherein the chlorine concentration of the heat treated 
conductive contact is less than about 4% by wt, 

46. (currently amended) A method offorming a contact comprising: 

depositing a first source gas comprising HCI4, H2, and SiHj precursors onto a substrate to 
form a titanium silicide layer in an openit^; 

depositing a second source gas comprising TiCU and NH3 precursors onto the titanium 
silicide layer to form a titanium nitride layer; 

removing excess of the titaniinn nitride layer by chemical mechanical polishing while 
maintainiiig the titanium nitride layer within the opening to form the contact; the contact havmg a 
concentration of chlorine and a thickness of at least about 5 00 angstroms: and 
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exposing the contact to a tdtrogen-contaimng gas by thermal anneal at a temperature of 
about 700°C. or greater to reduce the concentration of chlorine of the contact without formine: 
substantial c tar>5^ within the contact 

47. (original) The method of Claim 46, \^ilerein the nitrogen-containing gas comprises 
ammonia. 

48. (pr^ously presented) The method of Claim 46, wherein the thermal anneal is conducted at 
a temperature of at least about 700°C, to about 800°C. 

49. (original) The method of Claim 46, wherein the chlorine concentration of the thermally 
annealed contact is less than about 3% by wt. 

50. (currently amended) A method of forming a contact, comprising: 

depositing a first source gas comprising TiCU, Hi, and SiTrU precursors onto a substrate to 
form a titanium silicide layer in an opening; 

depositing a second source gas comprising TiCU, NH3, and BiHe precursors onto the 
titanium silicide layer to form a boron-doped titanium nitride layer; 

removing excess of the boron-doped titanium nitride layer by chemical mechanical polishing 
while maintaining the boron-doped titanium nitride layer within the opening to form the contact; the 
contact having a concentration of chlorin e and a thickness of about 500 angstrom s or greater: and 

exposing the contact to a nitrogen-contiuning gas by thermal anneal at a temperature of 
about 700^0. or greater to reduce the concentration of chlorine of the conductive contact yithout 
forming substantial cracks within the contact 

5L (original) The method of Claim 50, wherein the chlorine concentration of the thermally 
annealed conductive contact is less than about 3% by wt 
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52. (ciJirently amended) A method of forming a conductive contact in a semiconductor device 
comprising an opening through an insuladve layer, the opening having sidewalls and extending to 
an underlying silicon-comprising substrate, the method comprising the steps of: 

forming a layer comprising titanium silicide over the insulative layer and the substrate 
within the opening; 

depositing a layer of boron-doped titanium nitride over the titanium silicide layer from a 
titanium and chlorine-containing precursor to fill the opening; 

removing excess of the boron-doped titanium nitride layer overiying the insulative layer 
while leaving the boron-doped titanium nitride layer within the opening to form the contact hajgintLa 
thickness of at least about 5Q0 angstroms: and 

heat treating the contact at a temperature of about 700*C. or greater to remove chlorine from 
the contact without forming substantial cracks therein . 

53 . (original) The method of Claim 52, wherein the opening has an aspect ratio of about 3 : 1 or 
greater. 

54. (original) The method of Claim 52, wherein the opening is about 0.25 fim or less, 

55. (canceled) 

56. (original) The method of Claim 52, wherein the conductive contact has a thickness of about 
1000 to about 3000 angstroms. 

57. (original) The method of Claim 52, wherein the step of depositii^ the boron-doped titanium 
nitride layer is by thermal chemical vapor deposition using a gaseous mixture comprising titanixmi 
tetrachloride, ammonia, and diborane. 
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58. (original) The method of Claim 57, wherem the step of depositing the boron-doped titanium 
nitride layer is perfonned by flowing about 100 to about 500 sccni titanium tetrachloride, about 100 
to about 1000 seem ammonia, and about 100 to about J 000 seem diborane over the substrate. 

59. (original) The method of Claim 52, wherein the titanium nitride layer comprises an amount 
of boron to substantially eliminate peeling of the contact from the sidewall of the opening and 
cracking of the insulative layer, and an amount of nitrogen to provide an effective amount of 
conductivity to an active area within the substrate. 

60. (original) The method of Claim 59, wherein the active area comprises a source or drain 
region, 

61 . (currently amended) The method of Claim 52, wherein the step of depositing the boron- 
doped titanium nitride layer comprises: 

depositing a layer of titanium nitride over the titanium silicide layer; 
depositing a layer of boron-doped titanium nitride over the titanium nitride layer; and 
depositing a layer of titanium nitride over the boron-doped titanium nitride layer to fill the 
opening; and 

repeating the foregoing steps to form a multi-layered fitea fill. 

62. (cuirentiy amended) The method of Claim 52, wherein the step of depositing the boron- 
doped titanium nitride layer comprises depositing a layer of titanium nitride over the titanium 
silicide layer, and sequentially depositing overlying layers of boron-doped titanium nitride and 
titanium nitride to form a multi-layered film; the Sim filLcomprising a boron-doped titanium nitride 
layer interposed between two titanium nitride layers. 

63. (original) The method of Claim 62, wherein each of the layers of the multi-layered fihn are 
about 100 to about 500 angstroms thick. 
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64. (original) The method of Claim 52, wlierein the step of depositing the titanium silicide layer 
is by plasma enhanced chemical vapor dqjosition using a source gas comprising titanium 
tetrachloride and a silicon precursor. 

65. (origmal) The method of Claim 52, wherein the step of depositing the titanium silicide layer 
comprises the steps of sputtering titanium onto the substrate, and annealing the titanium. 

66. (currently amended) A method of forming a conductive contact in an opening of a 
semiconductor substrate, the opening formed in an insulative layer and extending to an underlying 
siUcon-comprising substrate, the opening defined by sidewalls and a bottom pordom the method 
comprising the steps of: 

foiming a layer comprising titanium silicide over the substrate and within the opening; and 
depositing a boron-doped titanium nitride material over the titanium silicide layer and into 
the opening; 

removing excess material from the substrate while leaving the boron-doped titanium nitride 
material in the opening to form ttie contac t, wherein the c nntact ha s a thickness of about 
500 angstroms or greater: and 

heating the contact in a nitrogen-containing gas at a temperature of about 700**C. or greater 
to reduce the concentration of chlorine to less than about 3% by wt. without forming substantial 
cracks within the contact: 

wherein the conductive contact comprises an amount of boron to substantially eliminate 
peeling of the contact from the side\yall of the opening and cracking of the insulative layer, and an 
amoimt of nitrogen to provide an. effective amount of conductivity to an acdve area within the 
substrate. 
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67. (cmrently ameaided) A method of fonning a conductive contact in a semiconductor device 
comprising an opening througb an insulative layer, the opening having sidewalls and extending to 
an underlying silicon-comprising substrate, the method comprising the steps of: 

depositing a layer comprising titanium silicide over the insulative layer and the substrate 
within the opening; and 

forming a titanium nitride layer over tiie titanium silicide by depositing a layer of titanium 
nitride over the titanium silicide layer; and sequentially depositing overlying layers of boron-doped 
titanium nitride and titanium nitride to fill the opening, wherein the boron-doped titanium nitride 
layer is interposed between two titanixim nitride layers; 

removing excess material overlying the insulative layer while leaving the contact within the 
opening; the contact having a concentration of chlorine and a thickness of abo ut 500 anestromsjar 
CT^itsr: and 

heating the contact in a nitrogen-containing gas at a temperature of about 700**C. or greater 
to reduce the concentration of chlorine to less than about 3% by wt without frtr mir^p; substantial 
CTBcka withiTi the contact: 

wherein the contact comprises an amount of boron to substantially eliminate peeling of the 
contact from the sidewall of the opening and cracking of the insulative layer, and an amount of 
nitrogen to provide an effective amount of conductivity to an active area within the substrate. 

68. (currently amended) A method of forming a semiconductor device, comprising the steps 
of: 

forming an insulative layer over a silicon-comprising substrate comprising an active area; 

fonning an opening in the insulative layer to expose the active area of the substrate, the 
opening having sidewalls; 

forming a seed layer comprising titanium silicide over the insulative layer and the substrate 
witiiin the openiixg; and 

forming a layer comprising titanium nitride over the seed layer to fill the opening; 
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removing excess material overlying the insulative layer while leaving the contact vvithin the 
opening; the contact having a concentration of chlorine and a thickness of about 500 anp^rt romf; nr 
graatet : and 

heating the contact in a nitrogen-containing gas at a temperature of about 700^C. or 
greater to reduce the concentration of chlorine to less than about 3% by wt. withou t forming 
substantial c tplcXc^ ^ifhin tf^e contact, 

69. (currently amended) A method of foxming a semiconductor device, comprising the steps of: 

forming an insulative layer over a silicon-comprising substrate comprising an active area; 

forming an opening in the insulative layer to expose the active area of the substrate, the 
opening having sidewalls; 

fo rmin g a seed layer comprising titanium silicide over the insulative layer and the substrate 
within the opening; and 

forming a layer comprising boron-doped titanium nitride over the seed layer to fill the 
opening; 

removing excess material overiying the insulative layer while leaving the contact within the 
opening; the contact having a concentration of chlorine and^thlqkness of abpirt 500 angstromsor 
greater; and 

heating the contact in a nitrogen-containing gas at a temperature of sLbout 700**C- or greater 
to reduce the concentration of chlorine to less than about 3% by wt v^thout forming substantial 
cracks within the contact : 

whereby the contact comprises an amount of boron effective to provide the contact with a 
level of adhesion to the insulative layer v^thin the opening to substantially eliminate peeling of the 
contact from the sidewalls of the opening, and a level of thermal stress to substantially eliminate 
cracking of the insulative layer; and an amount of nitrogen effective to maintain the conductivity of 
the contact at a predetermined level for an effective electrical contact with the active area. 
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70. (currently amended) A method of fomiing a semiconductor device, comprising the steps of: 
forming an insulative layer over a silicon-comprising substrate comprising a conductive 

area; 

forming an opening in the insulative layer to expose the conductive area of the substrate, the 
opening having sidewalls; 

fomiing a seed layer comprising titanixmi silicide over the insulative layer and the substrate 

within the opening; and 

filling the opening with altemating layers of titanium nitride and boron-doped titanium 
nitride material; 

removing excess material overlying the insulative layer to form a contact within the 
opening; the contact having a concentration of chlorine gmd a thickness of about 500 angstroms or 
greaten and 

heating the contact in a nitrogen-containing gas at a tempemture of about 700°C. or greater 
to reduce the concentration of chlorine to less than about 3% by wt. without forming substantial 
cracks within the contact: 

wherein the boron-doped titanium nitride layer is interposed between two titanium nitride 
layers, and the boron-doped titaniiun nitride layer comprises an amount of boron effective to 
provide the conductive contact with a level of adhesion to the insulative layer within the opening to 
substantially eliminate peeling of the conductive contact fix)m the sidewalls of the opening, and a 
level of thermal stress to substantially eliminate cracking of the insulative layer; and an amoiml of 
nitrogen effective to maintain the conductivity of the contact at a predetermined level for an 
effective electrical contact with the conductive area, 

71 . (currently amended) A method for filling high aspect ratio contact openings, comprising the 
steps of: 

providing a substrate having a silicon-comprising substrate and an insulative layer formed 
thereon, the insulative layer having a surface and at least one contact opening formed therein to the 
substrate; the contact opening having an aspect ratio of at least 3:1; 
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forming a seed layer comprising titanium silicide over the insulative layer and the sui&ce of 
the substrate within the contact opening; and 

forming a titanium nitride film over the seed layer to fill the opening : 

removing excess material overlying the insulative layer while leaving the nitride film 
contact within the opening to form the contact : the contact having a concentration of chlorine 
without substantiaLcracks : and 

heating the contact in a nitrogen-containing gas at a temperature of about 700*^0. or greater 
to reduce the concentration of chlorine to less than about 3% by wt. 

72. (currently amended) A method for filling high aspect ratio contact openings, comprising the 
steps of: 

providing a substrate having a silicon^comprising substrate and an insulative layer formed 
thereon, the insulative layer having a surface and at least one contact opening formed therein to the 
substrate; the contact opening having an aspect ratio of at least 3:1; 

forming a seed layer comprising titanium silicide over the insulative layer and the surface of 
the substrate within the contact openings and 

forming a boron-doped titanium nitride film over the seed layer; 

removing excess material overlying the insulative layer while leaving the contact within the 
opening; the contact having a concentration of chlorin e- a thickness of at least about 5Q0 angstroms, 
and substantiallv no_cracks ; and 

heating the contact in a nitrogen-containing gas at a temperature of about 700^C. or greater 
to reduce the concentration of chloiine to less than about 3% by wt. 

73 . (currently amended) A method for filling high aspect ratio contact openings, comprising the 
steps of: 

providing a substrate having a silicon-comprising substrate and an insulative layer formed 
thereon, the insulative layer having a surfiace and at least one contact opening formed therein to the 
substrate; the contact opening having an aspect ratio of at least 3:1; 
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foiming a seed layer comprising titanium silicide over the insulative layer and the surface of 
the substrate within the contact opening; and 

fonning a multi-layered film over the seed layer tn fill the nneniTig, the film comprising a 
layer comprising boron-doped titanium nitride interposed between two layers comprising titanium 
nitride layer, 

removing excess material overlying the insulative layer while leaving the contact within the 
opening; the contact having a concentiation of rlilorinR a thickness of at least about ^00 angstroms, 
and ^bstantiallv no cracks : and 

heating the contact in a nitrogen-containing gas at a temperature of about 700*^0, or greater 
to reduce the concentration of chlorine to less than about 3% by wt, 

74-100, (cancelled) 

101 . (currtmtly amended) A method of fonoaing a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a conductive material to form the conductive contact, the contact 
having a thickness of at least about 500 angstroms and c omprising a component capable of diffusing 
into and corroding an adjacent metal layer thereto; and 

heating the contact in a reactive gas at a temperature of about 700°C- or greater r e mov e at 
Innflt fi portion of reduce t he component Stem ^^inthe contact hv at leajrt ahnut 50% bv wL 
without forming substantial crac ks vsrithin the contact. 

102. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a conductive material comprising chlorine to fomi the conductive 
contact, the contact having a thic^Vnefls of a t least abop| 500 angstroms: and 

heating the contact in a reactive gas at a temperature of about 700^C, or greater to remove at 
lon^ n rnTtifln of mduce t he component fiem withmit fnmiinq substantial cracks within^tiic contact. 



MKE/1033981.1 17of36 



PAGE 1807*RCVDATm55:15:37PM(East(m Daylight TlmepSffl^ 



05/03/05 lg:21 FAX 414 224 5834 



W, H, D 



@1019 



* USSN 09/941,533 Supplemental Response 

103. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a conductive material comprising chlorine to form the conductive 
mtitac n the contact having a thickness ofat least abo ut SQO angstroms: and 

heating the contact in a nitrogen-containing gas at a temperature of about 700°C. or greater 
to rcmovo at loopt a portion -e f sgAisi-the component feem witbmit farming substantial rracks within 
the contact. 

104. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a titanium Ditride material comprising chlorine to form the 
conductive contac t- the contact having ajth ickness o f at least a hnnt SOQ angstroms: and 

heating the contact in a nitrogen-containing gas at a tempemture of about 700**C. or greater 
to romnvo ot Itsant a portion of reducej the component ScOm wi'tVi^nt fnrmiri^p substantial rrftcks within 

the contact 

105. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a titanium boronitride material comprising chlorine to form the 
conductive mntac t the contact having a thickness of ab mrt SQQ anestnoms or greater: and 

heating the contact in a nitrogen-containing gas at a temperature of about 700*'C. or greater 
to rfrmnvn nt Innnt a portion of reduce t he component &effi without forming suhs^^tial cracks within 
the contact. 

106. (currently amended) A method of tbrming a conductive contact in an opening in an 
insulative layer> comprising the steps of: 

filling the opening with a conductive material to form the conductive contact by depositing 
sequential layers of titanium nitride and titanium boronitride into the opening, the conductive 
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contact comprising a component capable of diffusing into and corroding an adjacent metal layer 
thereto and having a thickness of a bout 500 angstroms or greater, and 

heating the contact in a reactive gas at a temperature of about or greater to femevMil 

innr^tnpnrtinn of reduce t he component ftoffl withmit fnrminff ^nh^^ntial cracks within the contact 

107. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a conductive material to form the conductive contact by depositing 
sequential layers of titanium nitride and titanium boronitride into the opening, the conductive 
contact comprising chlorine and^having a thickness of about 500 anpgtroms or greater: and 

heating the contact in a nitrogen-containing gas at a temperature of about TOO^'C, or greater 
to rfiinfivn nt Iftfirrt a nnrrion of reduce t he component #^ without fomninp Knhstantial cracks within 
the contact 

108. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

filling the opening with a conductive material to form the conductive contact by depositing 
overlying layers of titanium nitride and titanium boronitride into the opening, the conductive 
contact comprising chlorin e and having a thickness o f about 500 angstroms or greater; and 

heating the contact in a nitrogen-containing gas at a temperature of about 700*'C. or greater 
to T<aTnovft ftt lonfit g portion of reduce t he component &6m without forming subs tantial cra^V<t within 
4ie contact. 

109. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer disposed on a substrate, comprising the steps of: 

forming a layer of titanium silicide on the substrate within die openings 
filling the opening with a conductive material to form the conductive contact, the contact 
havinp r fl thickness of about 500 anfi; '^^m^ or greater: and 
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heating the contact in a reactive gas at a temperature of about 700°C* or greater to remove 
fiom the contact at least a portion about 50% bv wL o f a component capable of diflRising into and 
corroding an adjacent metal layer thereto without forming substantial cracks w ithin the contact- 

110. (currently amended) A method of forming a conductive contact in an opening in an 
insxdative layer, the opening having an aspect ratio of about 3: 1 or greater, the method comprising 
the steps of: 

filling the opening with titanium boronitride to form the conductive contact having a 
thickness of about 200 angstroms or greater, the conductive contact comprising chlorin e and having 
a thickness of about 500 angstroms or greater: and 

heating the contact in a reactive gas at a temperature of about 700°C, or greater to remove 
firom the contact at least a - portion about 50% bv wt._o f a component capable of diffusing into and 
corroding an adjacent metal layer theret o without formina^gubstantjaLggac^^ the contact. 

111. (previously presented) The method of Claim 110, wherein the conductive contact has a 
thickness of about 1 000 to about 3000 angstroms. 

1 12. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

forming the conductive contact by depositing a gaseous mixture comprising titanium 
tetrachloride and ammonia into the openin g, the contact having a thickness of about SOO an prstroms 
or greater and compris ing chlorine: and 

heating the contact in a reactive gas at a temperature of about 700X. or greater to remove at 
least frfHMtion aboutJ()% bv wt. of the chlorine firom the contac tjathfotf JArmjy 'n ^nhstantial cracks 
within the contact. 
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113. (cuiraitly amended) A method of forming a conductive contact in an opening in an 
insulatLve layer, comprising the steps of: 

forming the conductive contact by depositing a gaseous mixture comprising titanium 
tetrachloride, ammonia, and diborane into the openin p^e contact having a thickness of about 
500 anfrstroTPs or ^ater and commisin^ chlorine: and 

heating the contact in a reactive gas at a tempemture of about 700®C. or greater to remove at 
least a portion about 50% bv wt o f the chlorine from the contac t mthout formin fy substantial cracks 
3Kithin,tt^^ contact 

114. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

forming the conductive contact by depositing a gaseous mixture comprising titanium 
tetrachloride and ammonia into the opening, the conductive contact comprising a concentration of 
chlorine and having-athickness of about 500 angstroms^QiLtareater: and 

heating the contact in a reactive gas at a temperature of about TOO^^C. or greater to reduce the 
chlorine concentration by at least about 50% by wt. without forming substantial cracks within the 
contact. 



115. (previously presented) The method of Claim 1 14, wherein the gaseous mixture further 
comprises diborane, 

116. (currently amended) A method of forming a conductive contact in an opening in an 
insulative layer, comprising the steps of: 

forming the conductive contact by depositing a gaseous mixture comprising titanium 
tetrachloride and ammonia into the opening, the conductive contact comprising a concentration of 
chlorin e and having a thickness of about 500 angstroms or greater : and 

heating the contact in a reactive gas at a temperature of about 700°C, or greater to reduce the 
chlorine concentration to less than about 4% by wt. without forminfLSUbstantial cracks within the 
contact . 
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1 1 7. (cuxrently amended) A method of fomiing a conductive contact in an opening in an | 
insulative layer overlying a substrate, the opening having insulative sidewalls; the method \ 
comprising the steps of : 

forming the conductive contact by depositing a gaseous mixture comprising titanium 
tetrachloride, ammonia and diborane into the opening^ the conductive contact comprising a 
concentration of chlorine and having a thi claic^3jQ£abi»JtJi(I0^ nr RT^-^^^^' aiid i 

heating the contact in a reactive gas at a temperatiu^ of about 700°C. or greater to reduce the j 
chlorine concentmtion without forming substantial cracks within the contact: 

wherein the contact comprises an amount of boron for effective adhesion of the contact to ! 
the insulative sidewalls of the opening to substantially eliminate peeling of the contact from the 

sidewalls and cracking of the insulative layer. |; 

i 

118. (previously presented) The method of Claim 117, wherein the contact comprises a level of | 
nitrogen for an effective level of conductivity to an active area within Ihe substrate. 

119. (currently amended) A melliod of foniiing a conductive contact in an opening in an j 
insulative layer, comprising the steps of: 

depositing a gaseous mixture comprising titanium tetrachloride and ammonia within the 
opening to form a layer of titanium nitride; 

depositing a gaseous mixture comprising titanium tetrachloride, ammonia and diborane j 
within the opening to form a layer of titaniimi boronitride over the titanium nitride layer; ! 

depositing a gaseous mixture comprising titanium tetrachloride and ammonia within the 
opening to form a layer of titanium nitride over the titanium boronitride layer; 

repeating the steps of depositing the gaseous mixtures to form sequential layers of titanium ' 
nitride and titanium boronitride to form the conductive contact to a thickness of about 
500 angstroms or greater, the contact having a concentration of chlorine : and 

heating the contact in a reactive gas at a temperature of about 700°C. or greater to fcmove at 
loaflt Q portion of reduce tl^ chlorine concentration without ^ ^ rminp ; f ^^ il^ ^tantial craclcs within fe »m j 
the contact. i 
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120. (currently amended) A method of forming a bairier layer on a substrate, comprising the 
steps of: 

fonning a layer of titanimn nitride over the substrat e, the titanium nitride layer having a 
thickness of at least about 500 angstroms and comprising a concentratjon of chlorine : and 

heating the titanium nitride layer in a reactive gas at a temperature of about 700°C. or 
greater to rcmovo reduce the chlorine concentration within fe gm the titaniimi nitride laver bv at least 
about 50% without f nrminp sub stantial cr flg>cg within jfa^tanium nitride laver . 

121 . (currently amended) A method of forming a barrier layer on a substrate, comprising the 
steps of: 

depositing a gaseous mixture comprising titanium tetrachloride and ammonia to form the 
bamer layer on the substrate ^tfae banjerj ayer hflvinp a thickness of at least about 500 giTipfrtrnnnR 
and a concentration of chlorine : and 

heating the barrier layer in a reactive gas at a tempemture of about 700^C. or greater to 
remove reduce the c hlorine concentration within.^ =em the bamer l aver by ^eafrt about 50% 
without for minp substai;!^^ ^ crac k?^ within the barrier laver , 

I 

! 

! 

122. (currently amended) A method of forming a bamer layer on a substrate, comprising the | 
steps of: I 

fonning a layer of titanium boromtride over the substrat e^e titanium boronitride laver 
having a thickness of at least about 500 anesttiomg and a concentra tion of chlorine: and 

healing the titanium boronitride layer in a reactive gas at a temperature of about 700°C. or 
greater to remov e at least about 50% of th e chlorine fiom the titanium boronitride laver xyithout 
forming substantial Cracks within the titanium boromtridclaver . 
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123. (cuiTCiitly amended) A method of formmg a barrier layer on a substrate, comprising the 
steps of: 

depositing a gaseous mixture comprising titaoium tetrachloride, ammonia and diboiane to 
form the barrier layer on the gubgtrate^ the barrier laver having a thickness of at least about 
50Q angstroms and a concentration of chlorine : and 

heating the barrier layer in a reactive gas at a temperature of about 700°C. or greater to 
remove ai leafrt: about SQ% of the chlorine from the barrier lave r^tho iit formin g substantial cracks 
within the barrier laver , 

124. (cuirently amended) A method of forming a semiconductor device, comprising the steps of: 
forming a layer of titanium nitride over a substrate ^ the titanium nitride layer having a 

thickness of at leasLabauLSJlO^angstiiQms-aj^^ of chlorine: 

heating the titanium nitride layer in a reactive gas at a temperature of about 700°C. or 

greater to remov e at leaat about 50% of the chlorine from the _titflnumt.n.ttddfi lave r without forming 

substantial cracks within the titanium nitride laven and 

depositing a conductive layer over the titaniimx nitride layer. 

125. (previously presented) The method of Claim 124, wherein the conductive layer comprises 
an interconnect. 

126- (previously presented) The method of Claim 125, wherein the interconnect comprises 
aluminum. 

127. (currently amended) A method of tbrming a semiconductor device, comprising the steps of: 
depositing a gaseous mixture comprising titanium tetrachloride and ammonia on a substrate 
to form a layer of titanium nitrid e, the titanium nitride laver having.ajHigkness of at least about 
500 angstroms and a concentration of chlorine ; 
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heating the titanium nitride layer in a reactive gas at a temperature of about 700°C. or 
greater to lemov e at,lea3la>>oiit SQVo nf the chlorine from the H^flT^nim nitride lave r without fotpiing 
.substantial ^^^ ^^ ^thin the titflnnim nitride layer: and 

depositing a conductive layer over the titanium nitride layer. 

128. (currently amended) A method of forming a semiconductor device, comprising the steps of: 
forming a layer of titanium boronitride over a gnhgtrata^, tf^^ titanium hnmnit rfde laver 

having a th ^clo ^ess otatJ^sLabout 500 angstroms and a concentration of chlorine : and 

heating the titanium boronitride layer in a reactive gas at a temperature of about 700° C. or 
greater to remove _atJleagLabout 50% by wt of the chlorine from the titanium boronitridel aver 
without forming substantial cracks within the titanium boronitride laven and 
depositing a conductive layer over the titaniimi boronitride layer. 

129. (currently amended) A method of forming a semiconductor device, comprising the steps of: 
depositing a gaseous mixture comprising titanium tetrachloride, ammonia and diborane.on a 

substrate to form a layer of titanium boronitrid e having a thickness o f at leagt ahmif ^pp g ^npstroms 
and a concentration of chlorine : 

heating the titanium boronitride layer in a reactive gas at a temperature of about 700^C- or 
greater to remove at least about 50% by wt. of the chlorine from without forming substantial cracks 
whhin t he titanium nitridgj ayer: and 

depositing a conductive layer over the titanium boronitride layer. 
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